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Whereas te qeomelry of a plamar cubic cune can fe regarded as fairly 
comptct: , that of te quartic uv far from Geng so. dt 4 due thet 
cur hrwsent knowledge of the forcpertis of Ue curve ih very 
extinsive as mag be seen fram Ue admuralle ankele fy G. Kohn 
amd. G feria, im te Ene eneiile dex Mothenatrchon 
Witenschadtin'. Cust Hare are several important quuttion which 


Pie Wete Blets Ce <Arteaene a some of Thee are mentioned im 


Clami's recent ie 
At present the mort use fil fon for We equation of a 
general quorke uu Hat obtained fy regarding Ya curve os te 
ea el 
ee ee 
whee 4 am arbtiary fparawelir. Tha foun. Frowever , 


. Bard. ID.a. Heft 4. (1909). pp. SIy- S40 


2 te cure piane di quart’ ordine. Gtornale di Materatiche , t. 48 
(1410) pp 25q~ 304. 


3. G. Salman. H tgfan plane cures, Dublin 152. p 196 
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1 unsuitable for a disewtiion of Ue tmyancanhs and covrarcants 
of the cue. A camantcal form conteting of the Sum f 
Het Fedb bases a fina Compan. Plancliins comm saben aidaale 
fox hes purhow fon Clbsch hor shown that We eqpaton 
of a qparke cure cam be throm two “ther form only urhom 
Hees DB (atest) anithes 

Se sum cf sin fourth powers ib a porth form tut 
the eqpakon of Ya qenoral quartic cam fe reduced t tha 
form in 0 ways SE ik eoay deduce from thes equation 
that three comers of He forcagen given fy the sie 
Rinear. Lorms form an apolar trad urth regard & Ue 
qyortic amd thet the sid ef tim suck Pascagans Touch 
a cure of the Hard low, tut the eqpation is mot — 
adapted for a Simple discussion of other geometrical 
1 Cufle's Towmal, Bd 5q. (i860). p. 128. 
2, Rosana, Crefa's Towrnal . Ba. Yo. (I843). p. 324. 

Schowur . Progr. Fraven field. p. 17. 


Seovya. Amnali. di Matimatica (3). t. 2. (149) p. 329. 


properties of te cure. 

Nt Rag Bean found fy experience that ub U comentent to 
Rave a ruber of typreal forma for the eqpation of the | 
curwe , tack form being afpprofariat for the shady of the | 
properties the curve relative t some tmscribed a 
St ee 
He quartic cue i mot general. Such cases ore chided 
Rare in detail so as b prepare We uray for Wa debtrmnt ation 
‘of the relahons fehrcn He mvenonts which commrpord % 
cack partiotar case 
BAG decked aakimals muiie ep gene 
qportic cure Ras mot yet Bern obtamed im a form urhach 
Ag oy ee en a A Oe AS 


= 3 : oe 5 6 : 
Chobe ch. P Maisano : Gordan , Caporabe ; Pascal Ono E rmmnat 


A Higher Plane Cum 2 Loe crt 
-3. Giornale di Matimatiche . t . 19. (ige1) p. 198 & Math. Ann Ba 2o (1882) p47 


3. Memoue. di Geawsbuo. , Nap Les . (1888). 


6 Nape& Ath (2) t. 12 (Igos) .p. |. 


ata i) ; on ike r ; 


Noctlas. , <ccepsidaalte progress har Seen made. Sn partenlar , 
Paral far cbtacned crutima for cantar lyper of degeneration and. 
Noether far conthucted 2 relatueh, compli syste of forma. DM 
Mork Card Crim, face. Paende Wae! rabadian whisk comments. te 
imvarcarte A and B  urhen the curve contians 00! conf guraitions 
of fifteen pork fying fy Uhreer om toenty Pines, while Capporabé 
Op Rae RR POPE IT a Ne A 
cartam other specal types - cure. 

A. result qf cansideralle importance for the lrwarant 
theory tar teen obtained fy writ om Abelian funckons of 
maa re ee ee ia aed cae 


Schotthy 12a 5 Dae Ps ee ieey c of a qpoardec Cure Can He 


V. Creffe!s Towmal Bd. 134) (igor) . 
-2. American Jounal . Vol. 31. p 263. 


3. B. Riemann, Werke, 4 ed? p. Hey H. Weber Theorie dex Abelschen 


Funckonen vom Geachlecht drec , Berke (I8 46); F. Schetthy, Abruss einer 
Thectiz, dee Abelschen  Funckintn von .drek. Variahaln. Seiprig 1880) abso 


Acta. Mothemahea . t. 27. (1903), 4 Berlin, Berohte (Iqio) . 
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Coc pressed rakeonalhy be! Tatas of Sue. fundamental qpeardities urbtok 


can fe regarded os rahomol invaniowk of the cue, Im 
partcwkar, the lwent, eight Crtangent can te reprerentad by 
eqpation im ushich tle coefficients ane rational fumchions of 
the sie Pumdamertah qpnontiizr.  Coyfg Ras shun tok the 
quarts cue porsetter a dove fort when He ralional | 
invaniands are commectid ty a certam relation. She Abelian 
Ula Pills desclcpedet Kis. Witsoe «He 
een aud TEs Wright. ! 
Frobenius fos obtained. similar susults uy algebraic methods. | 
Se Ae ee me a rere er of 


dining. 2 geraral quartic wwe from a met of quadnic surfaces 


A. See alto. A. Cayley Coblacted Pafors Vo. XI. p22, Vok. XII. bee, 


Rode. Picks. Maen tececm tee 2 ie4e). 


2. Math. Ann. Bd to. (isyze). 


4 Mubhply periods function , Cambradge (Iqoq). 5. Amar. Journ. Vo 81. ((409) 


| 
3. Viritemuchungen ber Thetafunktiones , feipeig. ((895) Math. Ann, Bd. Ao 
6. Creffe's Sourmah Bad 99 (86). Bd. oa) (ve), 7. thid. Ba. 4q, (1855) | 
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touching eight astoccated lores He uses the symbol _ ty denote. 

the delirminart formed Grom he Romogeneas coordinalis of for of 

these planes and shows that We 35 rots f. 9: f£ cam te 
expressed nationally in tra of the Seacter. rakes Fars 1A 
Ae dscr), tm utheek the suffices (2.4.4 cam dencte any Uree of 
Ue ough uss ond. He oucde! ous cn 4 one, Used th cdaee | 
The eight attoceated |Lanea Nowe hese sicctic. rakes form an | 
orthoyonel maha om account of Ye cxcstinss of relations 4 | 
He type 
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| PAB rey 
he anneal ts in lea of | 
fumdamental quanttir uth le oid of Cy dont 4 for | 
the coefficient ef am ottlogmal Amann thanslormation . | 
| ERoheneed| erate ehicceoe, teak 5 ck 4. none ~ Gonuteients Nemes 
the qyantsss fiat in shite of Ue relations ehircen them , and. 


iF hegand there a4 Us fundamental Valera t: ecegane age 


the porte He shows ta park cular that df oe (@.B = ot 4) 
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geet DS Dewar forms tafpeak tishibce eqpraked ofa eS ake qe ta 


1 Craft's Sowrnat, Bd 22 (i946). pi) . CoPlected Pahena, Veoh. p 13 
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conmueting, the forms Belonging te four tangents ca am Aranhobd. 
syttin The stanchion extends over Ye abs of 'h which differ 
ies ater 
Am vesportan! Conteguence of thes result i that Pf we know 
the eqpeatios of seven Ptongents of an Anorholl systm we con 
| delerrint the vrakonal imvarconk | 
| 


Now the prepertees of a qearkic unve in relaton tb an nd 
JS ro NR cs See RE 2 Se Dera PM 9 PED 
comerpond te a mat of cubis Urengh seven fined pornti in a 
plane bee A pout P is x! combegpeor the corresponds leet 

parr of parti FP in X amk when there come together Pi fins 


ea gparki ewree uchiok in colhid He Wenig corer (Gnanigbenees 


1A. Chabich, Math Ann. Bo 8. (84)  M.Noethir Enlangen Borckte jo. (i848) Munchen, 
Al 1y (is8q) Ride Packs. Loe vit , G, Frobenius, Lee, cit 
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ine ee of the thamtformation. the seven Case pont in the 
blana X comeehond te sagen Bitangenth of We Limikrg comer Lene 
Hate Litangerti for an Anarhotd systin. St 4 importat to netics 
that in many. cores ese Itingeti cam Be derived fon He seven 
fate pow Sy 2 comelatin Behver. Ue kro planer avd so Ve 
work of calealating Frobenius’ wnakonal tmvarcant 4 much 
Sin-plcdeed . 

Sm thr memorr we Shale ondeavmar lo prepare We way for < 
discutsion of The conddiom Uhat a quartic curve mag fe of a 
parker lyfe By Covking for a (1.2) Bantformation which has 
the shecees of qyearhe curve 05 Limiting came She apprefrcate 
Tramtformotion Ros abready Beer found in a number of cadet, 
JE te known for initine Wat he qmarted curme Lo has a 
dircble. pore ich ase cf He, Base port in. ome Pane 
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a ee Lcomtut of tise comer whan sinc of 


st. Ales called the synoptic curve Mun .@.A. Scott Quarter Journal. Vob. 24. 
2. De. Packs. Loe. wt 
et They $ blows ot one Sno the keno, nth res entatuon of. a sadree ae (wt to 


nodas) om & plane 
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tle Case point are at He comers of a complete quadrmbatinal. Lb 
consis op four shacghit Baws whem sinc of te tase pork an 
consecutive in frat and the Lines joining the Uree part mec at 
the seventh tase port. She conditions om te seven pomb usually 


Take terpenes oblernadeos Poin for ih Shin0d De. ain peaennrn ee 


Hhe plane X 4 thatrPormed ‘tats anether fy a qnadrotis 
thartformation uth Gare port at thus oP te seve. powk. 
We shalt prne in er memoir that te Siroth quarke arises 
from a (2) trantformation in wtcck the seven fase ports Fave 
eres Pan las wiht regard te a comic and a onbia. 


| 
Whe he cule Breaks up tte ‘three chracgbt Yor the detmne 


als H. Badleman, Quarterby, Journal, Uqot) . America. Jornal (iqiz) . 


2. Creble's Journal. Bd. 95. (1883). 
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from eight astocialid pawk which are ths pots of a plane wilh regard 
to a cubic sundae in ment used t often a combincton for seven 
pots utrcR ave Ue same polar fines unith regard %& a come 
amd cube cre. he detomie quarks antes ihe. he plane 
mech He cade surface in Uren Anes. 

A 2) teantformnation is ment sot up fy mapping hs 
oar + a Tirdid cubic in space om We promt of a° plane. 
he tee poms in which a cfnd mets a Piimed guadric. then 
Correrfrond % the peut in We pare ubioh 4 astorcatid uth 
aS Pe UN | PR hiamsformatacn Betiver. tr |Past wall 
lank Ay mathing le yun safer mn linn ty 
Stireografehec proyecton , using, on ef the por ty which the 
quaduic ix mat Dy the thanshd cubic a4 verton of progection 

A Transformation whieh gives rite te a demic quake u 
Obtained t. ther way the reprerentakon alte fade a 
notable properly of a qradrahe comple aa Visat suhied. 


Contains alk ee Denar gomeng. P Lie: fp ott Es s} Jace St alko 


AW. Frahm, Math Ann. Bay. (I874),  E. Toepbity , Math. Ana. Bd. il. (877) 
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- H.Balimay. Proc. London. Math Sor, Ser. 2. Vet. 3. (qos) . 


leads to te contiderakion of a type of uninedal quarhe condarning 
co! configurations of ten points Lying buy Urees om Un Yer 
amd t a mew proof of We theron that a plane seckon of 
Weddle’ s surface contains 00! confcqurations of Spleen cs 
a 

| a es eT ee a EB. Timencing, of danuring 
a qparkic cue, dnd be fact a U2) thantformelion, from 
a ginal quadrahi thantformalion etvee. He Poie pia 
pone i next clinded and quadrads tromepormaton Bes 
found which gic rite to te inet quarke amd dove 

mls qyarkc i finaly offtaned a1 the Prrmtbong, cure 

of & (12) trartbormakon and a set of eight armoeralid 
pet i space, from which the cure can fe dered 


edicaet. Pvc. teed wee The known eqpation of the Q8 


Morley one 


Connor. Loe ct. 


Diss . Gotlinger. (i843) Chebs cl, - Predeiget 4 Vorles un4 0 : h. looy , 


Madf.. hove. Bd. 53. (1900). hb. 193 
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bitangenti of Klein's quankic are obtaened Cy 0 Simple method, 
Dt Cobh Rar emtended the kmowm reduckom of te eqpakona of 
a pont come and Une cone ts He sums of ree sqponet, 
which shen eqnratd th ero give thre fey and three form 
rerpedtoaly:, which ane pole of one anctlen urdlh ae t both 
comes, Hs crelinaton relates tb a powt quartic and a nx 
qraitc amd ten set of Six conics . Now ch Seems mataral 
ty and ontind olen simplified forma of the equation of a 
came & a qyarke cme. Am erclimsum of He eqpaian in 
prewenoed ct eMa keane eee gl Mastin te Marte 
form 
feo, +¥o. tVEX. = 2 | 

of the eqration of te general quarks curee. She conmeupondeng, 
gerradiation of He eqpnaton of a come reformed te an mroribed 
Prange Sheds to We probe. of reducing hn eqpation of 
Yee general quarts We form 
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-f: Anmextcant Tromtackons Vor. 4 (qos) . 
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This prctlem 4 showm t Be equeralent t that of finding 
tang Which U umronched in a given tamer cufre ane. Ctncumicrcbe 
te a quem come ami in general ther profle. possesses a lrnatid 
member of solutions dm a special case , Rowever, 0  pondnlacbiah 
cam fe ciroumierled 4 tha omic and completly iasorbed tn 
the cubic. 9 ave shown Yat tm Yer cote the correrfronding. 
quartic curve is 0. desmuc quate. J did mot recognise 
thes ok Lust a ues comegquently led ty Redcrcover Some. 
Sof the known properties of te demic curre Thy coccuse 
for discussing, there ot Png ix Wat tle pretet analytical 
Bean ee “aap Nera ieee eee een Aas 
t the dircersion of tle properties of Heme's configuration. 
A dercnption of Heer confeguraticn 4 Usefil af thei fount 
Becaute ub indices clearly “te prcportass of the oo! seb, 
fp 24 ombi whack cam be insercfed tn Caporabe's qparhic 
Such a set of 24 owt con Be dindad inte tue sohi 
of thr garth such that amy tim quarts Belonging 
& different set fe om a pain of Pines. Now J hase 


dircovered a. second type of quartic curve cortarming, 0! 
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set of 24 pom hottetsing thir same brchaty, fut conmnsiiy 
tmough the configuration of 24 farh ib duthnct tm character 
from Ye set af 24 powdi ihech arises from Home's configura 

J Rove Been fed He course of there researches % 
fleir omirceDlancous theorems thick are quien at “the ond of Ue 
dissertation. A sch oP eleven fowti im a space of Por 
dimensions Rar feo. Pont wrth te  preperly Wat each 
pont is the yortin ofa qpradnic: come paming Wrogh ths 
‘ellen Tn A meer prcherty ef a for. model cubic 
surface has Teer discovered amd a diagram ib draum 
showing. ta symbole for le treaty eight flanged foe 
qaarhc ceree im Heres metakon . 

J with t thark Professors Troleg ant Coble or. 
he eremragenent and Ledp fl suggestions ley fave 
gro me during He preperation of thea Hhaaea . 
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OLS Litnoth's quota 
Lincth thas shoum hat a quartic cwwe which pases Wrough abt 
He Wtirtectins of five Loner in mot general, for cb in the 
covmiat S of a quarkee of Clhellech's type ie a quartic 
wore enpstion Con te empnested as He sum of fie Low 
powers, and since thei tyhe of qeartic depends om only thie. 
comttanh “cd follnes that the equation of cinoth's  qpartes 
BAe AMET De sire) ero Sires cp con He eee eae cae pewtagen 4 kmcnm 
fo Be complltly intenibed tn 2 given quaitec curse there are 
I pentagons porterting the same preperty anh test sides 
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L Matt, Amn. Ba. 1. (1864). Ba, 13. (eye), 

2. J ue te word pentagon Rare te mean He figure formed by 
five Pinos. 

3, See bts Danboux. Sun une Dane remarqpralie de courber ok de 


ques Penn, (\896). p. 86. WK Ctifford . Math. Papers 


iy 
iM 


Y Petal y 
. pl Ml, 


heh 
THe i 


Seto. bait P cotinahenm cb te ten pot Oo ermehik “the 

pola flee of P uth regard t a conte ©, mest the polar 
conte of P with respect 2 obo Cy. These ix erederchhy 

a Gia) comethorndence Feit Pant Q for whe Q ib gwen, 

Diu WE Veeck oP ches alte Uatle Dia if Qt 

BSE Sec) Sees elt | 
To fund the Loca of P when Q and Q) come tugether We 


take the eqpetiors of Ye Colbie and correc in He forms 


= eS Oo 


when the symboh (ax?) is uted to donate We sum of four 
imesh diferent sufPirces The flown Liss 12505, 204 = 0 
ae the commen tangents of He 0! comics apolar & Cz 
amd Cy, they form a gamdrlatinal whore sic commen He 
on We Herston op @, . 

fete (4, sis ty, eX Bed he | cowie cclis ff PP. Sth fpolen 


A A peducham te these forma is given fy RA Robert, Proc fonden. Math Sox 
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and he polar conic wrt, Jeg-ard. ft 
When Q and Q' come togetter the ne QQ! torches ther poler 
Come at the pout © (x42) Oud go ch eapaalion ont 
he equivalent aie 


(ayx 20) =O, 


Sic (9¢) =o we must pide Mize va of el ees of ste Tipe 
24s = Ahg + 1 (a=L2aa) 
Using ee lakes (2) = 9-3 (yx) = 0 Les) OP 


yes 300 it reel We er 


x (ye - CE) =o. 


Hela nH 4) 


§ 2 “te Po tf, Doct 


quartic [ 


Since the eqration of the Wain PC, bi (mee 
cb apbean hat te Hone. Hy torober We Lineth qnartee 
Lat He six comers of Ye gqnadrlatinal . 
his indeaalis a method by thick a sudabh C, can fe 
detirminad whe. Li giren. Sine thus are 0! pentagons 
completely inserted 4 Le appears Ut there are 00! 
“suctabe Cs. 
Retirmng 16 te thantfornalion we mokce tat if P 
moa a shacght Line 

Gy) =o, 
He Tere comespording port Q  dascrbe a cubic cure 
urhose eqnction is ate ad oy iminatong 4, MaMa My Pron, 
he fowr aqpchant 
ea Cp ep) St eee 


jet A easy ts Sassi he eqpateon op the Gidea: Can He 
derived from Hat of He Bin by cording 
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a3 a ! 2. nn PU PAH Sa 2 
¥, = a 8 94, 9¢ = a, & 6 + a,b, NA Gy 5 3,25, + a, 4%, x, 9 — a, &, x, Xy 


ri. 2 as 2 x pee 2 2 2 
Yous a, &, 26, 2° at, 92, + at, xo, a, G2, 24, + 0,4, 2%,20% —at, pee |, 


Y= Ah mod — ab ata, + 0, by aloe, — 248, 224 + 5b, org — aM OS 
toot Be 2 a arent 
and these are the equakons of the Vrampormation . 

The cubic. conve conorbonding ba given ne t con te generated 
Ba cle af enacionf inetatl naira ofall 
conteh and a penck f Line. She comes are the fooler conics 4 


2 2 2 
4, = af, 06 x, — 2,6, 2, 2% + af, Lea es af, 2, 


spovti om t uth regard & C, amd so pan Urogh tHe four poles 
opt with regard Cy Sha Les ore the falar of portion 
t elle spice, tla ale eset Mee Sie cae hee 
wil. respeck te Cy. Tha pont To evcdeth fier ov the cubic 7 
Cormnetpording EE and “a fo? foun tangent from “[' & Ty are 
the polars oe cee. ap a fr pow in ihech 
t meet, 1.  Henee “the invroniank of T;, te the cross paks of 


to meek L 


‘dhe four ae er eis Yi=o, Y=, aera al pass Through ee 
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Seven pow which Rave tha same polar Limes with regard t Gat ©, 
Yhese seven par ore We Gate font of He (1.2) tanePormation 
amd thar cormerfranding, Bocas. vy War pola urtl regard 1s (eg 
are by a welt kmowm Haorem botansent rp We Amiding curve L. 

Hence we Rave the following taoren . 

Yhe seven ports which fave He same folar Lees With regard. 
fo a comin God a cb Q om suck Hot tne foln Low 
Lom am Anehoth sect of bitanged of a Sineth quark. 

St abbeans from thes resutt that He seven pots camnot fe 
chosen arbitrarily Hag defend om tartitm Independent constants wrtiad 
of Desi Thi woutd mot fe expected a prod fecane an 
anltrany cubis and came give fowrlie arbcrary constants. 

St in mot cary te find he relator. Hekoee. Ye seve. fase 
hem. Ab Proh- Morlly's suggeition 9 Pave considered the cube C, 
amd. bee pawb on gin and found the Ure of the otln fur. 

Take the tim given forts and He infraction of Uerr fooler Unet 
wih regard ' C, a cormem of te thinngh of refermce Sha 
egpahon 4 C, at G Ue. take the Poet 


dae + lg + ce + afye + Baye + Bknod+ 3 Qocy + brcey re =o. 


nit 


un 


AT SATA MAMAN te 
Dial Hee Nh 


Not + layr+ efx+ 2Fgyx =o, 


utere % iu arbitrary She poet comes C, alk fave double contact 
at tire pomti om He ne mao. . 

A pert (ey) Pes tHe same polar Lie wth regard & CG, 
and OC, Yo the foMowing cqnateoms ane. sabiefoed 


r+ Lmyx + Zkvoe + Wloey . = Lot 4 bP + gz + afyx+ nese _ Kot+fyt+ c+ Ioyx 2m 


Hemce it Dies on He bor chic curves 

~$(gytex)(Qodtbyeegst+ 2fyx + Wee) = g(byt fey bats fp ers lgye+t Ino), 
Noe (Lok + bt gt Wyn + nex) = Qlbyt fe aad+ Inyx + kext Wooy,) 
The ffinst equation doer mot cortarn X and so represent the 
required. Ureut when te Lpornti and Gare give, the Locus 
ib a ence conve hich circumrcriter He bronghe of reference 
and pastes Brorgh Hs Por pols aq x=0 wit rgard & O | 
Se clio faster rough “tte. toe pomti in which the folen conic of 
ore of the giver point onceti ch polar Une. Since He tim 
we a albsect Gram Ya egpathon ut appear that Ya comes 
Ye trang of referenon form a corgegate tread 4 Wa orercad 
poker of tw port pases Wrengh the thad 
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Ye uy clean that th cube Loos 1 the cube Te  correrhondeng 
6 He Dis wae i te harrbormration. The absocratid 
bout “To ou the pomt  Yro,xae and thes pom ws 
corardnal t the seven fase pow af the thanrformralion . 
Sf te previews matation the eqnakon of Cy 4 
(ard) =o , (Beem 
and (Hyetste) , (KE %) are He Teo Gren pow he 
Cn ee 
(ame ardxNoyx) = (Can) arcty Yat) . 

This equation war obtained fy Prof. Morles 

a OI Al ean EOE OAR mC ae 
He sesond acpsctain Depress a pencil <P cabice uhh pau 
Uregh for fined port om 7 . vin te loo given pomk 
dnd tha ton perth in which Hy een omnicef me of 
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